In order to use random amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) for the identification of ten Meloidogyne species in Japan, experiments were conducted on the screening of primers and on the extraction of template DNA. Of 120 random sequence 10-mer primers (OPA, OPB, OPC, OPD, OPF, and OPG kits; javanica, by using the template DNA extracted from many adult females with the extraction method of highly pure DNA and by using that from a single J2 with the lysis buffer.
cation of the ten Meloidogyne spp. in Japan, and to establish the better extraction method of template DNA from a single individuals of J2 and adult male in order to obtain reproducible RAPD patterns. Table   2 ).
Comparison of DNA extraction methods
Of the three template DNA extraction methods tested, the miniprep method produced the more clearly intense bands and fewer minor ones than did the lysis buffer method and the sterile water method. The reproducible RAPD pattern was successfully obtained by using 1/4 volume of the template DNA extracted with 20 it 1 of the lysis buffer from a single individuals of the J2 or adult male. The RAPD patterns of the J2 and adult male were practically identical. When template DNA was extracted with the sterile water method, the PCR amplification patterns of the J2 and adult male were often or always non-reproducible.
RAPD patterns of ten Meloidogyne species
Ten Meloidogyne species examined were successfully identified using the primer OPA-01.
The reproducible RAPD patterns were obtained by using the template DNA extracted with the lysis buffer method from the J2 and with the miniprep method from the adult female, respectively. In Fig. 1 , white dots indicate the species-specific bands. However, the two methods produced slightly different RAPD patterns, especially for M. arenaria and M. javanica. Compared to the (Fig. 2) . Using the template DNA prepared with the miniprep and lysis buffer methods, M. javanica was distinguished from M . arenaria by the presence of ca. Effects of magnesium concentrations and DNA extraction methods on RAPD patterns of four Meloidogyne species. The final magnesium concentration in PCR reaction solution: 1.5 mM for lanes 1, 5, 9, and 13 (miniprep method); 2.5 mM for Ianes 2, 6, 10, and 14 (miniprep method); 1.5 mM for lanes 3, 7, 11, and 15 (lysis buffer method, a single juvenile); 1. By using the template DNA prepared with either the miniprep or the lysis buffer method, A-1 and A-2 of M. arenaria were distinguished from each other based on the presence of ca. 1,400 bp band.
Effect of magniseium concentration RAPD pattern was considerably affected by the final concentration of magnesium in PCR reaction solution containing the template DNA prepared with the miniprep method. When the concentration was adjusted to 1.5 and 2.5 mM, the RAPD patterns obtained were considerably different. The DNA amplified in 2.5 mM magnesium solution showed a species-specific complex band pattern which corresponded nearly to the pattern obtained by using the template DNA prepared with the lysis buffer method (Fig. 3) . The same RAPD pattern was shown for the single adult male and.J2.
DISCUSSION
Out of 120 primers tested in this study, primer OPA-01 alone produced species-specific RAPD patters which discriminated ten Meloidogyne species in Japan. In addition, the discrimination was successfully conducted for a single individual of the J2 or of adult male, by using template DNA extracted with the lysis buffer from the nematodes. In order to confirm the usefulness of primer OPA-01 in the production of consistent RAPD patterns, further stdies are remained to be conducted. Because the number of isolates examined in the present study was limited to only one or two for M. mali, M. marylandi, M. sp. resemble to M. arenaria, M. sp. resemble to M. mali, M. camelliae, and M. suginamiensis.
The primer OPA-Ol was also used by CENIS who identified four major Meloidogyne species:
M. incoginta, M. arenaria, M. javanica, and M. hapla (2). The RAPD pattern obtained in CENIN'S and in the present study coincided mostly, but different in some bands which were absent in Japanese M. incognita and M. hapla whose template DNA was prepared by the miniprep method: the lackings were of ca. 540 bp band in some M. incognita isolates and ca . 1,550 bp band in all M. hapla isolates. Considering these results, the Japanese isolates of M . incognita and M. hapla may slightly differ from those examined by CENIS. Contrarily, the M. hapla isolates examined in the present study are of the Race A, because they all showed the band of 1,020 bp as did the CENTS' Race A of M. hapla (2). In order to confirm the differences , Japanese isolates are needed to be compared with the isolates from the other countries under the same RAPD-PCR condition , because it affect the RAPD patterns considerably.
The mode of reproduction of Meloidogyne spp. is parthenogenetic, and so the J2s and adult females originating from the same isolate are considered to be genetically identical . However, there was a slight difference in the RAPD patterns of the female adults and of the J2s whose template DNA was extracted with the miniprep method and with the lysis buffer method , respectively.
One of the reason why the RAPD patterns were different may be a different concentration of magnesium (9) . Actually, RAPD patterns obtained by using the template DNA prepared by the miniprep method were different when the final magnesium concentration was adjusted to 2.5 and 1.5 mM. The difference may come quite probably from the different concentration of EDTA and other chelators which disturb the action of magnesium (4) relating to PCR product specificity and primer annealing.
In the previous study, digestion of amplified products of a partial mitochondrial DNA by two endonucleases was required for the identification of ten Meloidogyne spp . by PCR-RFLP method (6) . Contrarily in the present study, the species of Meloidogyne J2 was successfully identified by simply observing the banding pattern of the amplified products by RAPD-PCR , using the template DNA extracted with the lysis buffer. This method is more easy and rapid than PCR-RFLP, and is useful as a practical species identification of Meloidogyne J2 , the infective stage appearing in the soil. 
